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Introduction
therefore serve as an early marker of AD, with some studies indicating that disoriented 70 patients are more likely to convert from aMCI to an AD diagnosis (Bird et al., 2010;  each time-point. However, the cues, cue layout, pool, and platform location was modified 162 at each time-point (Fig. 1B ). An overhead camera was fastened above the pool to record 163 swim behavior for subsequent analysis. wall. Once the platform was found, the subject remained on the platform for 10 seconds.
173
Drop location varied between time point/trials/days, but was maintained between 174 subjects. At the end of the trial, the rat was returned to a holding cage, during which time 175 the remaining rats in the cohort were tested (10-20min duration). Subjects were run in 176 groups of seven for each task. At the end of the 4 trials, rats were returned to their home 177 cages in the colony room and the same procedure was repeated the next day. Time to 178 reach the platform was recorded by an experimenter at the end of each trial. The mean 179 escape latencies (seconds) for each animal were calculated for each day (every 4 trials).
181

No-Platform Probe Test
182
After 5 days of training in the hidden platform task, a probe trial was conducted in 183 which the platform was removed from the swimming pool. The probe trial was conducted 184 24 hours after the final trial of the fifth training day. The probe trial was composed of 185 releasing rats from the side of the pool opposite the platform. Rats were permitted to 186 swim for a total of 60 seconds. After the probe test, rats were removed from the pool and 187 placed in a holding cage. 
220
For no-platform probe trials, the pool was divided into four equal quadrants and 221 the total dwell time in each quadrant was determined. From these measures, a platform 
236
For clarity of analysis, the movements were further divided into 4 broad categories. failure to obtain purchase onto the platform after contact), mounting errors (the failure to 258 climb the platform after 1 sec of contacting the platform), and jumping off the platform.
259
Each error was assigned a score of 1 and a total was obtained by summing the errors 
Results
278
One subject was excluded from the analyses at 10-11 months of age after 279 developing glaucoma. Furthermore, one subject died during testing at 10-11 months of 280 age and thus was not included in the analysis below. suggest that 10-11-month-old Tg rats may express fewer of these directed swims. To 320 address this possibility, we classified swim paths into 11 movement categories (Fig. 4) .
321
These swim movements were then merged into 4 categories based on their directedness 322 to the platform (target-direct), a lack of directedness but proximity to the platform (target-indirect), or a tendency to organize movements in non-platform locations (spatial-324 indirect), or in a random search (non-spatial). (Fig 7C) . Overall values for efficiency (i.e. average efficiency across all 20 trials) and 381 frequency (i.e. frequency of each strategy across all 20 trials) were used as constants.
382
Predicted path length therefore reflects the contribution of the non-constant factor on the 383 trial path length (Fig 7D) . females relative to WT males and WT females, respectively (Fig. 9) . Interestingly, Tg 389 male and females exhibited differences in the predictive power of each factor. The primary conclusion of the present study is that clear spatial navigation
449
impairments by TgF344-AD rats were identified at 10-11 months of age. Specifically,
450
TgF344-AD rats demonstrated increased escape latencies and path lengths, and they 451 searched a wider area of the pool and were less precise in their search for the platform 452 location (Figs 2 and 3 ). In addition, by 10-11 months of age, the directionality of their 453 trajectories to the platform ( Fig. 5 and 6 ) and switching from less direct to more direct 454 trajectory types was attenuated in Tg rats ( Fig. 8 and 9 ). While navigation impairments
455
were detected during training in the hidden platform task, a 60 second no-platform probe 456 test conducted on the 6 th day indicated that both Tg and WT groups displayed a similar 457 preference for the platform quadrant (Fig. 10 ). This pattern of impairments at 10-11 458 months supports the conclusion that although Tg animals are impaired at executing an optimal trajectory and search pattern near the hidden platform region, Tg rats can express 460 a preference for that location by the end of the experiment.
461
The deficits reported in the present study were observed in the absence of group and WT animals were equivalent in standard measures of water task performance at 7-8 481 months of age (i.e., escape latency and path length). One possible explanation for the latter finding is that repeated spatial training and procedural learning may have allowed
483
Tg animals to utilize strategies that result in similar performance on standard measures.
484
Indeed, a convolution analysis indicated that Tg rats get better at less direct movements 485 to find the platform than switching to more direct movements. Finally, it is important to 486 note that previous studies report that Tg rats tend to have greater spatial difficulties in 487 manipulations involving "reversal" tests in which the goal is moved to a novel location.
488
Because Tg rats display intact navigation in standard tests at this age range (Cohen et al., Finally, our observations suggest that detailed path analyses might have greater 524 sensitivity at detecting group differences than general performance measures.
525
The hippocampus has been a strong focus in AD research, despite various other 
Conclusions
542
The present study found that TgF344-AD rats express clear navigation 543 impairments at 10-11 months of age. A detailed path analysis indicated that subtle 544 deficits in the directedness of trajectories to the hidden platform can be detected at earlier 545 ages and can be sensitive to sex differences. The latter observations may underlie the 546 subtle differences between Tg and WT rats that were found using classic measures of 547 water maze (escape latency, path length, search proximity and search area) at these ages,
548
and are likely not due to factors associated with non-spatial task demands. Furthermore, 
